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Abstract

.--Some factors related to the form of height-

over-age curves in longleal pine plantations were identified

from analyses of 660 periodically

percent of the variation among 32 plantations

growth curve %was accounted for
into old fields,
over sites.

pared and unprepared sites,

remeasured plots. Seventy

in form tjhe

by stratifying planting sites
mechanically prepared and unprepared c¢ut-

Curve form was affected by site quality on pre-
and by stand density on ail

sites.

INTRODUCTION

A major indicator of the productivity of
southern pine plantations is site index at age 25’
(51_.), usually the mean height of dominant-
codohinant trees. Unfortunately, the early
growth of southern pine plantations, including
longleaf pine (Pinus palustris Mill..), is often
so variable that use of a single set of site index
curves has limited value at best and can be

-seriously misleading.

Often the predicted site index for a
plantation changes over the years, whatever
curves are used. Errors multiply a:; ghe tine
irom index age increases (McGee and Clutter 1%67).
Even small errors in site-index estimates can

cause large miscalculations of expected volume
growth. For example, a change from §{ to 55 ft
in SI2 reduces the projected cu-ft volume yield

of a slash pine plantation at age 20 by 25 ‘i)er-
sent (Bennett et al. 1959).

Past studies suggest that height-over-age
curves for southern pines established on old fields
may differ not only betweea plantation and natural
stand but also from similar stands established on
cutover forest sites (Chapman 1938, Allen 1955,
Bailey et al. 1973). Form of height-over-age
curves may also be affected by other stand and
site variables, particularly stand density
(Bennett 1975, McClurkin 1976) and site quality
(Eeck and Trousdell 1973, Gramey and Burkhart 1473).
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For this study, height-over-age cata from 660
remeasured plots, primarily the lcagleaf pine phase
of the Southwide Pine Seed Source Study (SPSSS),
were used to investigate how gize and stand condi-
tions affect early height growth of lcngleaf pine
plantations.

METHODLS

The SPSS5 provided data from 637 of ({0
remeasured plots in this study. Tie other 23
plots were from two separate studies in west
Florida. Trees on all plots were scheduled for
measurement at age 3 and 5, and &t 5-—)1-:::‘ interval;;
thereafter- although the remeasurezent schedule wag
not alwayvststrictly met. Some plors (1346) were
last measured at age 2§, 21, or I, the rest were
last measured at ape 15 except for
measured at age 16 or 17. In aii,
2737 height-over-age observaticns.

SPSSS series Iand 2 (planted during winter
1952-53) and series &, 5, and 6 {planred Curling
winter 1956-57) were represented in Lhiy study,
with 34 plantings in coastal states irem Texas to
North Carolina. Plantings were replicated at rue
locations. Alsu, replicates were combined, making
a total of 32 recognized pianting locations. The
parent study is described by Wells and Wakelev
(1970).

At each examination, number of surviving trees
and height of each survivor were recorded tor indi-
vidual plot-s. The nedn height of the tallest half
of surviving trees on each plot was determined &nd
-represented the dowinant-codoninant {raction of
the stand.
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All plantations were classified into three
roups according to planting-site condition: Old
fields (283 plots and 1172 observations), mechani-
cally prepared cutover forest sites (116 plots and
448 observations) and unprepared cutover forest
sites (261 plots and 1077 observations). All
observations combined were given a stepwise
regression analysis of the form:

112

Log | fieight = b+ bl (Age) + by, (:‘xge)_l + b,

-2 -3 ¢
(age) ~ + b, (Age) ~ + belage) . ,
The analvsi § determined which of the included

independent variables would give the best gingle-
variahle regression.

The single variable regression model considered
the best was Fitted to the height-over-age observa-
tions for each individual plot, resulting in 660
equations. Further analyses explored the relation-
ship of slope coefficients for individual plots, as
a dependent variable, to recorded site and stand
variables. These were primarily stand density

(surviving trees per acre at age 10), site quality
(height of tallest half of trees per plot at age
15), and the three planting-site conditions.

Coefficients for all 136 plots through age
20-22 were compared with cocfficienrs derived from
the “same plots through age 15 only. Values of
slope coefficients from plots through age 20-22
differed from age-15 values by an average of only
0.7 percent. Plantation height-growth patterns in
this study appeared to be well established by age
15, so all slope coefficients were pooled for
analyses without regard to plantation age at’last
measurenent.

RESULTS

The best single variable regressipn for ail
2737 height-over-age ohservaticns was: Log;q UT =
1.8844 « 6.1764 (Age)~1, The coeificieat ot
determination (r2) was 0.8484. The only other
variable contributing significantly (.05 level) to
the regression was (age)™9, which, when included
in the equation, resulted in an R= of 0.5497.

-

The model Logl0 HT =b, + by (Age) ~ was fitted
to each individual plot: 520 (79 percent) of the
resulting equations had r? values of 0.99 or better.
Slope coefficients (b}), vith negative sign
omitted, became the dependent variable in analyses
of the relationship of plaating-site condition,
stand density, and site quality coO the form of
early plantation height growth.

plot—-to~piot variation
Clasgification of

Planting-to-planting and
in slope coefficients was high.
the 32 SPSSS plantation locations into the three
planting-site cenditions accounted for 70 percent
of the variation among plantings in average slope
coefficient. The mean, standard deviation, and
range of coefficient values for the 33 plantation

locaticns are illustrated in figure 1 for eact
planting-site condition. Much of the remaining
variation can probably be attributed to factors
such as two different years of plantation establish-
mead, varying sets of seed sources, and geographic
location with its associated climatic and soil-site
conditions.

{ } ALL PLANTINGS

UNPREPARED {
FOREST SITES

— 4 PREPARED FOREST SITES

e}

t ... 3 . ) OLD FIELDS

L | | | I
4.0 5.0 6.0 7.0 8.0

Figure 1.~--Yeas, standard- deviation, and range of
growth curve coefficients for plantings on old
fields, prepared and unprepared ‘forest sites,
and all plantings conbined.

Both stand density and site quality had a
small but highly significant effect ot growth curve
coefficients. (lassification into the three plant-
ing-site conditions alone accounted for 43 percent
of plot-to-plot variation. Addition of stand
density raised this value to 47 percent and site
quality to 48 percent. Stand density affected
growth curve form in each of the three planting
site conditions. Site quality affected curve form
only on prepared and unprepared sites, indicating
that site index curves for these conditions will
be polymsrphic.

Planting-site condition had the greatest
impact on curve form, with the largest contrast
being betwctn old fields and unprepared forest
sites. The difference, for plantings with a stand
density of 700 trees per acre, is iliustrated in
figure 2 for four site ‘index {8I35) clnsscs. For
Slzg5 of 60 ft, lo-year-old plantations on old
fields are about 5 ft taller than similar plantings
on unprepared forest sites. The comparatively
rapid early grovth on old fields can be attributed
to less low competition than on unprepared cutover

sites. Competition was primarily from shrubs and
herbaceous vegetation because residual trees had
been removed or Kkilled in all plancations. The

extreme of growth curve differences among indi-
vidual plots is shown in figure 3. Wich a common
SI3g of S0 ft, the difference in tree height at
age 10 is 20 ft. The upper curve is an old field
plot, the lower curve an unprepared forest plot.
The repression r? values for each of these two
plots were 0.999 and 0.994, respectively.
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Figure 2,~-Comparison of growth curves on unpte~
pared  forest sites yi th those on old fields for
sclected age 25 site index values.

bifferences in growth curves between prepared
and‘uuprepared forest sites are not as great as
those between old fields and unprépared sites
(fig. 4). For S$1g50f 60, 10-yecar-ald tyees on
prepared sit ¢5 have about 43
Uver siwi jJar plantings o N unpruepared sites.

Growth curves for preparad forest sites were
tlose te thuse of old ficlds on good sites, but
differences increase as site quality declines
(fig. 5). For §lig of SO, thercv vas no apparent
difference in the curves, but for 3125 of 40, old
{field plantings at age 10 had about a 2 it
advantage gver prepared site plauntings. As noted
carlier, site quality affected curve fQ}m on
prepared sites, but not old fields, hence the
opportunity to converge. On good sites, intensive
mechanical site preparation resulted in growth
equivalent to that expected on old fields. Even
fil poor sites, differences were relatively small.

The observed effect of stawnd demsitv on curve

form is illustrated in figure G for an gid-field
site , one with 250 and the other with 1203 trees
per acre. Given the same’ 25, the curve for the

bigh deusity stand is higher than that’ fos the low
densi ty stand. Tke difference is uot great,
amounting to slightly gver 2 ft at age 10 for 5125
oi 60 it. In thig illustration, SIyg was set at an
e¢ual value for comparison of growth curves for each
of the two stand densigies. Early plantation growth
an equivalent site should be
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Results o:f this study indicate zh lor of
height~over—age curves influenced planting-

are
site variables and stand densisv,
intensity of prepiuanting
ently has the greatest jmpoor on
height-over~ape curves., it munc
attempting to csvimnte site qualj noearly
plantation feight growth, Sirte ner se
affected curve tora on both preparcd and unprepared
forest sites, suggesting that site index curves
developed for tiese twe conditions will be poly-
morphic. The stand density cffect was ! ¢
significant but smull. range
densities expecred in most plantatious,
a2 negligible effect and can be reasonubly
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Figure 4.--Comparison Of growth curves on unpre- Figure 5. --Conparison of growth curves on mechani~
pared forest sites with those on mechanically cally prepared sites with those on old fields -
prepared sites for selected age 25 site index for selected age 25 site index values. '
val ues.
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